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PREFACE 


A search of the literature disclosed the limited amount of test 
data in the field of cambined stress fatigue. This is probably due 
to the difficulties in production and operation of a suitable com- 
bined Stress Fatigue Machine. There are in existance several the- 
ories of failure under combined stresses, but not enough data for 
intelligent design criteria. 

Between September 1952 and May 1953 the author designed and 
built a combined Stress Fatigue Jig to be used in conjunetion with 
‘the Sonntag Universal Fatigue Testing Machine. This work was car 
ried out at the United States Naval Postgraduate School, Monterey, 
California. 
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SUMMARY 


The objective of this project was the design and production of a 
combined Stress Fatigue Machine for uss at the U. S. Naval Postgraduate 
School. The design was carried out using the Sonntag Universal Fatigue 
Testing machine as the basic component and then producing a mechanism 
whieh would exert the desired stresses in a specimen. 

Tests of the completed jig indicate that the assembled machine 
Goes function as predicted. The results of these tests are included 
as en appendix to this thesis. The errors indicated are attributable 
to the testing technique. It is believed that further calibration and 
testing will be able to reduce these errors greatly. 
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INTRODUCTION 


In an effort to inerease the efficiencies of mechanical appar- 
Atus, the trend has been continually to reduce the size and weight 
of machine parts, and to increase speeds. With the evolution of 
mmaller and higher speed machinery, the phenomenon of fatigue has be- 
come an ever increasingly important limitation upon design. In the 
last few decades, much information hes been gained by extensive ro- 
search in the field of simpie fatigue, and only recently has there 
been any research in the field of fatigue under conditions of milti- 
ple dynamic stresses. This is a practical trend ae most machine parts 
are subject to more than one dynamic stress. In pursuit of this trend, 
the project of the design of equipment to mm fatigue tests under mui- 
tiple dynamic stresses was undertaken. Once having set upon this prob- 
lem, and analyzing the methods of other people in the Meld, the proj- 
ect narrowed down to the design of & special jig for the Sonntag SF-1- 
U Universal Fatigue Testing Machine, which would preduce simultaneous 
dynamic bending and torsion in a specinan, 
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FATIGUE TESTING IN GENERAL 


There are available and in use throughout the world, many dif- 
ferent fatigue testing machines which will give good results for sim- 
ple fatigue, These consist of: bending machines which use rotating 
and non-rotating specimens loaded either in pure bending or as a can- 
tilever, tension-compression machines, and torsion machines. Through 
the years much valuable data has been obtained. However, this data 
cannot be transposed to the field of combined stresses with any de- 


gree of adequacy for practical machine design. 
PREVIOUS WORK IN FIELD OF COMBINED STRESS 


Little data is available in the field of fatigue under combined 
stresses, due to the difficulty in producing and operating a combined 
fatigue machine. Gough (6) in England has done extensive work in this 
field using a resonant frequency machine acting on & specimen loaded 


as a cantilever. 
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Figure 1 
Schematic Diagram of Gough's Fatigue Machine 
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FATIGUE TESTING IN GENERAL 


There are available and in use throughout the world, many dif- 
ferent fatigue testing machines which will give good results for sim- 
ple fatigue. These consist of: bending machines which use rotating 
and non-rotating specimens loaded either in pure bending or as a can- 
tilever, tension-compression machines, and torsion machines. Through 
the years much valuable data has been obtained. However, this data 
cannot be transposed to the field of combined stresses with any de- 
gree of adequacy for practical machine design. 


PREVIOUS WORK IN FIELD OF COMBINED STRESS 


Little data is available in the field of fatigue under combined 
stresses, due to the difficulty in producing and operating a combined 
fatigue machine, Gough (6) in England has done extensive work in this 
field using a resonant frequency machine acting on a specimen loaded 


as a cantilever. 
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Figure 1 
Schematic Diagram of Gough's Fatigue Machine 
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This machine uses a standard size specimen of non-constant cross 
section in the region under test, in order to predict with reasonable 
accuracy the stresses in the specimen at the point of failure. Sauer 
(14) did a limited amount of work by using the standard torsion jig of 
the Sonntag Universal Fatigue Testing Machine, and by removing the 
bearing adjacent to the torque arm. This machine again used a speci- 


men of non-constant cross section loaded ag a cantilever. In each 
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Schematic Diagram of Saver's Fatigue Machine 
case, the cantilever loading of the specimen necessitates a necked 
down section of the specimen in order to prediot the point of failure 
and the stresses existing at that point. However, as the exact point 
of failure ie a statistical function, not always occurring at the seo- 
tion of minimm cross section, exact determination of the stresses at 
the point of initial failure is impossible. Gough with a specially 
built machine and with e careful choice of specimen shape and sise has 
produced excellent reproducible results, which are universally accepted. 
Sauer*s results are of doubtful value because of the limited scope or 
vest, and his failure te show adequately that the induced stresses were 
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ae specified. In short, his jig had two degrees of freedom while the 
theory only considers one. It is perhaps significant that a large 
percentage of his specimens failed in the grips. 


DESIRED FEATURES IN NEW TESTING MACHINE 


In the design of a combined fatigue machine, there are rany dif- 
ferent conditions which mist be satisfied. First it is desirable to 
use as many components "on hand"! as possible frox a standpoint of sim- 
plicity and economy. Secondly, it is desirable to have the specimen 
subjected to a dynamic force of constant amplitude rather than a eon- 
stant amplitude of motion. This is desirable, because any change in 
physical properties or yield in a specimen of the constant amplitude 
of oscillation type specimen during a test will result in a test of 
unknown parameters. This leads directly to the desirability of using 
the Sonntag SF-1-U Universal Fatigue Testing Machine. This machine is 
capable of exerting a sinusoidal dynamic force varying in amplitude 
from zero to 1000 pounds, regardless of the rigidity of the test spec- 
imens In addition this machine way be given a preset static force of 
from zero to 1000 pounds. Therefore the maximum setting would be simu- 
soidal force with peaks values of zero and 2000 pounds. In addition, 
the large table top of this machine with provision for fastening down 
various jigs provides a very flexible system for utilizing its full 


capabilities. 
It is considered desirable to produce the tension in the specimen 
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by placing the test section in pure bending, to eliminate some of the 
undesirable features of previous machines which load the specimen as 
a cantilever. In addition the jig should be so designed that the 
stresses in specimen may be varied fran pure tension (bending) to pure 
torsion sọ any desired ratio may be obtained., In view of the require- 
ments the Sonntag Universal Fatigue Testing machine was chosen as the 


basic component of the combined fatigue testing machine. 


THEORY OF SONNTAG UNIVERSAL FATIGUE TESTING MACHINE 
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Sonntag Universal Fatigue Testing Machine 

The function of the Sonntag Universal Fatigue Machine is to apply 
& vertical vibratory force to any specimen attached between the heavy 
stationary frame (C) and the reciprocating platen (F). This force can 
have any static component from zero to 1000 pounds either in tension or 
compression and any alternating eomponent from gero te 1000 pounds. 
When operating in tension or campression alone, it is possible to have 
a naximm vibrating lead fluctuating fron sero to 2000 pounds. 


Φ 





The alternating force is produced by the unbalanced rotating mass 
(D) which is supported in the oscillating frame by two bearings. This 
mass is rotated through flexible couplings by an 1800 RPM synchronous 
motor (I). The amount of dynamic force exerted on the platen is set 
by adjusting the amount of eccentricity of the mase (D). Only the 
vertical component of this unbalanced force is exerted upon the speci- 
mene The horizontal oomponents are absorbed by guides with elastic 
hinges (S). 

The Compensator springs (E) have one end &ttached to the oscil- 
lating frame and the other end attached to a plate em is in turn 
solidly fixed to the stationary frane. The purpose of these springs 
is to absorb all unknown inertia forces produced by the reciprocating 
masses and prevent these inertia forces from reaching the specimen. 

In order to function properly, the rigidity of the compensating springs 
is such that the natural frequency of the spring together with the re- 

eiprocating mass without specimen is the same as the operating frequen- 
cy, 1600 cycles per minute. To accomplish this, provision is made for 

adjusting the mass to give resonance. 

Preload is applied by adjusting the screw (H) which will place an 
initial tension or compression on the compensating spring. In addi- 
tion there are micro switches to shut off the motor when the specimen 


fails and a counter to record the number of stress cycles to failure. 
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Figure | 
Schematic Drawing of Inertia Forse Compensator 
The schematic drawing of the testing machine ae shown has the 


follewing equation of motion: 
M $E κκ = oe wet 
where K = EK, Κο 


Kg 7 spring constant of specimen 
Ką = spring constant of compensating springs 
X = displacement of Mass M 
The steady state solution of this equation is: 
. Ko ack wth 
- Ala ust = -e 
X= Χρ TS 
Considering only peak values and substituting 
KT Ke for K we haves 


p’ 


Xo = 0 
(Eet E- tw? 





however by design K, = Mu” 


Therefore K, = ΜΙ. 
Es 

Thus the force exerted on the specimen is that produced by the 
oscillating force irrespective of specimen rigidity of the specimen 
chances. 

The mass of ths reciprocating system was adjusted to give reso- 
nance without the specimen in place. The small additional rigidity 
of the specimen will raise the natural frequency of the system slightly. 
This is desirable to insure that the foree and displacement are always 
in the proper phase. 

The machine is driven by a synchronous moter to insure that the 
frequency of the forcing function is congtant throughout the test. As 
the rigidity of the springs is fixed in manufacture some neans of 
tuning the system mist be provided, This is accomplished by adding 
tuning weights to the reciprocating frame such that the total mass, 


Without specimen will place the system in resonance. 


EFFECTS OF DAMPING 
This analysis of the Universal ratigue Testing Machine assumes 
that the vibrating system possesses zero dampinge In his analysis of 
the machine B, J. Lazan (9) says, "In practically every case the damp- 
ing in the system is sufficiently low to make the resulting errors 
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negligible". However the internal damping of all parts and perticu- 
larly the inherent non-linear damping characteristics of anti-friction 
bearings cannot be so lightly ignored. 
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Figure 5 
Schematic of System with Damping 
If we consider all damping to be extemal viscous damping and 
analyze the systen thoroughly, then the relative significance of this 
dmaping can be determined. 
The equation of mtion of this system is: 
M 43... [8 Pg HK = Po oim ust. 


The steady state solution of this igs 
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From this it may be seen that the amplitude and hence the stresses 
in the specimen are no longer directly a function of the rigidity of 
the specimen and the forcing function. The significance of the error 
thus introduced into the system must be checked by some other means. 

A check was made of the damping characteristic of the machine in 
three conditions: the machine alone, with the 15 1/4" torgion jig in- 
stalled without a specimen, and the 15 1/4" torsion jig with an alumi- 
num specimen. This was accomplished by placing an SR-4 etrain gage on 
one of the elastic hinges of the machine and using the signal of this 
gage to operate a brush recorder. Then by causing the system to osci- 
llate by compressing the sompensating springs and releasing, the 
following damping coefficient were determined. 


Machine alone Ke. 0.05 

Torsion jig without specimen Ke 0.125 

Tersinn iie with alımimm specimen Ke 0,130 
-Kt 


where amplitude X ځا‎ 
To convert to the derived function B: 


ko JB 
KS. a 
4M = A 
Assuming the spring constant — K,7c10,000 [b per in. 


and the logarithmic decrement K x O./ 
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Then the expression Mawt B will approach K b to within one part 
in TE and can be considered equal to κ. with negligible error. Thus the 
damping in the standard Sonntage Fatigue Jig is considered negligible. 

It is a reasonable assumption that the damping in the new jig will 
be of the same order of magnitude ag in the existing machine and there- 
form be negligible. However, this will be thoroughly tested upon com- 
pletion of the new jig. 

The use of the Sonntag Universal Fatigue Testing Machíne imposes 
several limitations. First the equivalent weight of the system must 
be within the limits of compensation of the machine (15.4 lba.). Seo- 
ondly the maximum amplitude of oscillation must not exceed 0.44 inchea. 
Thirdly, the stress ranges desired in the specimen must be within the 


capability of the forces available., 
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DETAILS OF JIG DESIGN 

The method chosen to accomplish the desired loading upon a specimen 
consists of mounting the specimen over the oscillating platen and sup- 
porting it with self aligning bearings which are attached to the platen. 
Attached to each end of the specimen igs an arm which is capable of being 
swung in an arc to give any desired angle with the axis of the specimen. 
The ends of these arms are attached to the table top of the stationary 
frame. | 

A bending stress is imposed on the specimen by causing equal and 
opposite bending moments on the ends of the specimen. The moment is 
created by arms wich have one end fastened to the fixed frame of the 
machine and one fixed to the oscillationg platen. By symmetry the forces 
are exerted equally on the two lever systems so that the specimen is 
placed in pure bending. A torsional stress is imposed through the same 
system. If the levers lie perpendicular to the axis of the specimen and 
are placed symmetrically, then as a vertical force is exerted on the 
platen this will cause a torsional force to be exerted upon the speci- 
men. If the lever arms are placed in a positon between the axis of the 
specimen and perpendicular to the axis, then the combined stresses will 
be exerted on the specimen in a proportion which may be readily de- 
termined from the geometry of the system. These stresses will bear the i 
same ratio for static as well as dynamic forces. 

The bearing at the ends of the specimen must be capable of exerting 
a vertical force necessary to produce the required couples, but it also y 
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must permit the bending and torsion to be fully transmitted to the 
specimen, For this reason self aligning bearings are used at this 
point. As the stresses in the specimen are changed and it deflects 
there is a small change in the axial length of the specimen. To 
eliminate any unimown axial forces, one of the vertical members hold- 
ing thesə self aligning bearings must be made free to travel along the Ἢ 
axis, while still exerting its vertical force. This is accomplished by 
hinging one of the bearing holders at the platen so that this second 
order motion can take place freely. Similarly deflection of the speci- 
men will result in the motion of the extremity of the lever along its 
own axis in addition to the small motion along the axis of the speci- 
mene As it is desirable to exert only a vertical force, self aligning 
` bearings are placed at both ends of each holding down link. د‎ 3 
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Figure 6 
Schematic Drawing of Fatigue Jig Loading 
The force P, Sin wt is exerted on the specimen (8) through two 
self aligning bearings (B) mounted on either end of the specimen. This 
forse is resisted by the two symetrically located torque aris.. 
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By virtue of the geometry of this loading, the bending moment in the 


specimen will νο... ut (L to 4 


and the moment of torque will be 
PE وب‎ WE. (e ΄ . Thereby varying the angle Jl the desired pro- 
portions of bending mement and torque, both dynamic and static, fron | 


pure bending to pure torsion may be exerted on the specimen. 
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Pigure 7 
Schematic Drawing of Fatigue Jig 
The eonfiguration of the jig is such that the mass is not con- 


strained so that the end À is forced to oscillate in a vertical path. 
Neglecting the small motion of the hinge B the equation of motion of 


this systea le | dèx - mo LS. 


The solution of this equation ist 
Xa Xo Sin wt © (o 2u wt 
K- “wy 
EE. καὶ | 
if نه نی کت‎ - Λε - & constant, which can be tuned 


for then 


R= fe wt. 
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or for peak deflections 


f = E, X, 


Therefore the inertia force compensator is still effective for 
this configuration. This system is not entirely accurate as there 
is a small axial motion of the hinges B. However, the error involved 
is negligible as will be shown later. 

The specimen had to be checked so that the bending moments and 
torsional moments could be exerted upon it positively and with no lost 
motion. This was accomplished by having the moments exerted on the 
specimen holders. A tapered collar or collet fits over each end of the 
Specimen and seats against a shoulder. The specimen is drawn into the 
specimen holders by a screw at each end which seats the tapered collar 
against a mating taper in the specimen holder. This allows the trans- 
mission of the moments to the specimen and eliminates the possibility 
of lost motion, 

As shown in the description of the jig it is necessary to use the 
self allgaine bearing in order to achieve the necessary degrees of 
freedom. The choice of these bearings was limited by the usual pro- 
biems which are found in the use of antifriction bearing operating 
under reciprocating conditions. Any self aligning bali bearing when 
ehecked with the formula as recommended by Patterson (12) was either 
inadequate or too large. The only adequate bearing within the weight 
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limitations were aircraft type self aligning needle bearing. The 
choice of the bearing for the central bearing holder was simplified 
by the fact that similar bearings are used by Sonntag in their bend- 
ing Jig. 

In order to meet the requirement that the jig be adjustable from 
pure bending to pure torsion, a false table top was necessary. This 
table top has circular slots to allow continuous adjustment. 

Moat oscillating components are manufactured from aluminum in an 
effort to remain within the weight limitations. However, parts such 
as the specimen holders and tapered collets are made of heat treated 
steel for strength. 

The weak point in this jig is the strength of torque pins (Parte 
#8). Coneidering the force per inch of length (F) to be proportional 
to the distance from the center line of the specimen, and a case where 


the force exerted by the vertical link equal to five hundred pounds. 


75 
داب‎ x tox 2 500x6 ὁ 446. 
ا‎ 


ا سے 
د / که ={ 
[Nw‏ 





Therefore the moment at base of the cantilever pin is 
0-75 
1 = o SIT (tx) XOX = A/F /b ۰ 


od / <- t 5 
ihn 6: 2 E Ke=t "aye x 55 62,500 F E 


16 












an آر وج‎ 
ھ‎ | . y Mit 


















P= at 


o 0o αν 
M T ERE 


ον ον 


— یسح 
په “AN‏ 
Wh = >‏ 
SNe p‏ 








However, this stress is computed for a cantilever bar with com- 
plete reversal of stress. In fact this section will not be so stressed 
because the shoulder of the pin will be set solidly against its seat, 
preventing this oscillating stresses from reaching this point of small- 


est cross section. 


Da 





THEORETICAL CHECK OF SONNTAG REQUIREMENTS 


It can be considered that the distortion ûs concentrated in the 


test specimen, and all other parts are of infinite rigidity. This is 


not true, but is sufficiently accurate to prove that the expected de- 


flections are well within limitations of the Sonntage Universal Fatigue 
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Distortion of Specimen 


The distertion of the test section can be divided into two parts. 


One part due to bending, and one part due te torsion. In each case 
the center section can be soncidered as fixed due to the symmetry of 


For the distortion due to b 2 
r the dis © LM 6F = 44.6 Y 


8 ML. L Mix cat 
EA وج‎ TZ er(ġ)i 


Similarly the angle of twist from the center section is 
7 MZ 


MET soak iċ FAX zayo B‏ £324 ر 
e | for t Fr «€‏ بلج 2 6:4 


The deflection experienced by the machine is relative vertical 


motion between the central self-aligning bearing and the hinge pins 
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at the extremity of the arms. For the case of pure bending of a steel 
specimen where it is desired to have an oscillating tensile stress of 
160,000 PSI 


(3) 
M = ατα. = ۵ 000 7 - 1,230 lb. in, 
e FL 





The length of the arm is 7.665 in. 


so force of platen Po » 2X 1,230... = 321 1b. Jj 
7.668 J 


and the deflection of platen 4 "in / | R 
* کک‎ ٠ x 
- X /4 4. 6 Xx /43 7469 = = O O 
Os | 3 ام‎ 


Similarly if aluminum ig subjected to the same loading 
ὁ οὐ = 0. Jat im: 
If it is desired to stress the specimen simultaneously with 
100,000 P8I tensile stress at £ 50,000 PSI shear stress the follow- 
ing will be the case 


A 16 MÍ 

= TT d3 ; 
y نہ‎ 

Me~ /6 


First it is necessary to find the arm angie and force P. 
M = (1.668 6%) P = 1230 lb. in. 
Mpe blam X) p. 1230 1b. in 
Y = 56.5° 
P = 246 Ib. 1 
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Therefore the machine must be set for X - 56.5% 
gen: 492 /P 


٣ x ig. X laie J+ |ie Sie گا‎ ar x Me al 
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similarly for aluminum ۱ 
Sal ۵ Y 6. o ph .> 
If it is desired to subject a steel specimen to a shear stress of 


50,000 PSI, again P and Y must be determined 

M = (1.668+6 6 ¥) Pe O j Mi = 6(Sin V) P = 1230 lb. in. 

Yu 206.3° P = 24 ld. 
so setting of machine will be "X . 106.5? 
and force P, = 428 lb. 

Ali of these computations assume no internal demping in the machine 
or in the specimen. As stated before this will be investigated for 
aceuracy at a later date. | 

To further justify neglecting the motion of the outer hinge first 
consider the inertia force imparted by the arm end link on the specimen. 
By considering the mass of the Links une at the ends of links 
ay outlined by Den Hartog (2) in "Mechanical Vibrations and finding 
the accelerations of the ends neglecting the residual inertia torque, 
the inertia foress can be computed. As the axial inertia force is 
greatest in the pure bending configuration, this will be investigated. 

The concentrated masses will be: 
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"Figure 9 
Schematic of Jig 


for a vertical displacement of platen of 0.3 Sin GO/”7Z ine, the 
horizontal displacement of the bearing will be 0 ل‎ - co له‎ 


— 
οὐ عو کر ورز‎ 0.037 an 6071 Mila) 
expending into a series e é e 
277 ہو ے و ۔ 7وہ‎ Er ۔‎ 7 


- 766 ۶ | سحو موو ے‎ son E. — * * 6 ODIO RY Rane ONL 7 
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considering only the first term as significent the e of them 


motion of the pivot ares 


y = 040058 Sin? $0 2 -. 0.0058 Sin? IIP- 
y = 2218 Sin 1884€ co1988 * 


y s M0 co* 188: - 100 Sin? 188* © 400 c-3761 


The axial inertia force exerted upon the specimen will then be 
Fe =~- 2: 76 x YOO Cer 376 # 
3۶4 
= ~ 3.95 Cor 376 / &. 
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Thus the specimen has & uniform compressive stress of 15 PSI the 
extremities of the stress stroke. In general the amplitude oscillation 
will be much less and the resultant inertia forces also be much less. 
However even the 15 PSI is within the limit of error of the fatigue 

testing in the range of stresses necessary to produce this deflection 
( 8 240,000 PSI for aluminum) e 

The inertia forces of the jig which ure reflected back into the 
inertia force compensator must be within the limit of tuning of the 
machine, as the machine is presently able to accommodate any jig 
with an equivalent weight of 15.4 pounds. To check the expected equiva- 
lent weight of this jig in the pure bending postion, the masses of the 
various links are considered concentrated at the pivot points ونا هع‎ 
fore. Ali parts of the jig which are rigidly attached to the platen 
will oscillate with it and so will have an equivalent mass equal to 
their mass. The equivalent mass then for the pure bending condition is 


Aluminun in center > 3.75 
2 bearings (CFI) 0.20 


Weight of arm and specimen holder concentrated 
at bearing 6.65 


11.70 lbs. 
As the machine ia tuned for an equivalent weight of 15.4 pounds 
then 3.7 pounds of added weight 1s necessary in this condition to tune 
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the machine to the synchronous frequency. The equivalent weight of 
this system will vary slightly from pure bending to pure torsion but 
will be well within the limits of compensation of the machine. 
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ACTUAL CHECK OF OPERATING JIG 


Upon completion of the jig it was assembled and operated with a 
specimen of negligible weight and rigidity to determine the equivalent 
weight of the jig in various configurations. This specimen consisted 
of a 1/8" diameter steel rod with a brass adapter on each end to attach 
to the specimen holding bolts. Having the curve of equivalent weights, 
a steel specimen with SR-À type À-'7 strain gages, was installed ard 
tested. These strain gages were locatod guch that two were located a- 
long the axes of maximum bending stress, and two along the axes of max- 
imum strain from torsion and along the zero bending strain axes. With 
this configuration the two bending gages were not effected by torsion 
and the two sheer gages were not effected by bending. These gages were 
connected to two channels of a Hathway oscillograph for dynamic strain 
recording. The other half of the bridge circuits consisted of Baldwin 
SR-4, Strain Calibration Units which facilitated the amplitude calibration 
for each run. 

The machine was then operated in various ratios of bending and tor- 
sion and the results computed (see Appendix). The errors found can be 
attributed to the technique of testing. A check of the stresses found 
and the predicted stress would indicate that the torque arms were not 
positioned exactly. For example, consider the readings for X= 60°, If 
it is assumed that the actual arm angle was 59°, the predicted bending 
stress and sheer stress now being 6, = 19,350 P.S.I. and ~ = 10,400 
P.S.I., then the error involved would be +1,8% for bending and +0.95% 
for torsion. This will indicate that the arms were not set exactly 
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throughout the test and the actual error involved is much less than 
indicated. Further testing and more accurate positioning of these 
arms will undoubtedly reduce these errors considerably. 
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APPENDIX 
TRANSIENTS 

One of the greatest drawbacks to the inertia force type of Fatigue 
Testing machines is the presence of transients while bringing the test- 
ing machine up to synchronous speed. In general by the time that the 
transients have died out the test specimen has an unknown history or 
work hardening. 

Perhaps, one method of eleminating or reducing this phenomenon 
would be the addition of a magnetic damping circuit. This would con- 
sist of a strong magnetic field through the platen while the motor is 
being brought up to speed. The magnetic field could then be broken at 
a time that the force is passing through neutral, or reduced gradually 
depending upon the best procedure as determined by test. A simple 
electro-magnet could easily be installed inside the cabinet to do just 
this function. 
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A 4 co Lro 7 Mi وک‎ x 
o? 6855 ο 8427 : 12.0 0 
10° 7125355 1.042 27 0.5210 — 308,0 21.2 
20° 2 2.050 662 1.02 297. .8 





70° 3,7355. 5.610, — 1,8677 2.8200 151.7 114.8 
P 2,727! 910 1.3637 2. 1.0 .2 
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EQUIVALENT WEIGHT 

















30° 5,2 10,2 

459 8,6 9.8 

60° 58 9,6 
90° | 6.0 Fol, 

106.39 6,1 9,3 
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STRESSES MEASURED ON SPECIME! 


: A Aup 
~ Bending Torsion Bending Torsion Bending Torsion Bending Torsion 





SION NI sr. پا‎ 0 DE 0255 ολο 
QU le 0 1.30 2.86 2.1 0.6 4 Ook i 0.667 | 
a ^M. : 0 b 2,80 0 .22 9, 5 
0:25 2.979 0,0’ 9.49" 
Assuming 8 = 295 “/in? هم‎ 
Predicted % error 





O9 41,300 0 | 6 +0 * 


30° (1)29,100 6,010 00 + bel -1. 





Data obtained using 
Baldwin SR-4 Strain Geges Type AR-7 
Hathaway Oscillograph Type 3-15-B 
Baldwin SR-4 Calibration Units 
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PARTS LIST 


Part No, 
No, Name Req'd. Material Specification 
1 Bearing Holder (fixed) 1 27 See Dwg. 
2 Bearing Holder 1 287 See Dwg. 
(oscillating) 

3 Bearing Support 1 2437 See Dwg. 
4 Bearing Support. 1 248T See Dwg. 
5 Specimen Holder 2 HoT. Steel See Dwg. 
6 Specimen Holder Sleeve 2 Hele Steel See Dwg. 
7 Specimen Holder Cap 2 HeT. Steel See Dwg. 
8 Torque Pin h Drill Rod See Dwg. 
9 Bearing 2 | 


Terrington 
20,7 
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10 1/2 Bolt 2 H.T. Steel 1/2"X20X2" 
Hex. 

11 5/16" Key 7 H.T. Steel 

12 Grease Fitting 8 1/8" Press Fit 

13 Torque Arm 2 61ST See Dwg. 

L, Bearing 4 Torrington 
1 ۳ 

15 Hold Down Pin ἐν HeTe Steel See Dwg. 

16 Hold Down Link h 6181 See Dwg. 

17 Lower Bearing Holder 2 HeTe Steel See Dwg. 

18 Lower Bearing Cap 2 Hele Steel See Dwg. 

19 Table Clip i H.T. Steel See Dwg. 

20 Table Top 2 HeTe Steel See Dwg. 
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1/4" Machine Screw 
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